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Incorporating current trials and technology into clinical practice While anti-vascular endothelial growth factor (VEGF) therapy affords patients with neovascular age-related macular degeneration (AMD) a dramatically improved prognosis compared to all prior treatments, the chronic nature of the disease and the uncertainties regarding long-term dosing strategies represent important therapeutic challenges.
Large randomized trials established the efficacy and safety of ranibizumab, bevacizumab, and aflibercept for the treatment of neovascular AMD, yet these studies offered little insight into the optimal dosing regimen for individual patients or how to manage patients after 2 years of intensive therapy. Unfortunately, the data regarding long-term outcomes for anti-VEGF therapy suggest that deviations from close monitoring and/or injections, even after 2 years, will likely result in an accelerated rate of vision loss in many eyes. The art of managing wet AMD involves maximizing visual outcome while minimizing treatment burden. Drs. K. Bailey Freund and Michael Engelbert from New York share their insights on this complex topic in this column.
Interestingly, while their group first popularized the treatand-extend approach, which has become the most common choice by U.S. retina specialists for managing wet AMD, randomized controlled trials employing this paradigm are just beginning to emerge.
More than a decade has passed since the dawn of the anti-VEGF era in retina, and we still grapple with the optimal dosing strategy in wet AMD. By harnessing the power of multimodal imaging and a revised classification for the anatomic location of the choroidal neovascularization in wet AMD, Drs. Freund and Engelbert provide a rational algorithm, more refined and nuanced than the traditional treat-and-extend approach, that will be of great interest to the retina community.
Long-term anti-VEGF maintenance challenges the practitioner with identifying the appropriate interval between office visits and injections for each individual patient that minimizes recurrences while also reducing the treatment burden and risks of treatment-related complications. A desire to individualize treatment and an early recognition of the long-term treatment challenges led to our adoption of a treat-and-extend regimen to manage the majority of our patients with neovascular AMD. 2 Despite a lack of level 1 evidence to support the efficacy and long-term safety of a treatand-extend regimen, this dosing strategy has become the most popular among U.S. retinal specialists.
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While most studies have shown better visual outcomes with more frequent injections, clinicians must now consider data from three large, randomized anti-VEGF trials all suggesting that more frequent dosing of anti-VEGF therapy for neovascular AMD may be associated with a more rapid progression of geographic atrophy (GA). These data raise new concerns that overtreatment may accelerate GA in some eyes.
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In our practice, we rely on a more refined analysis of baseline neovascular lesion composition in a shift from our previously described treat-and-extend regimen to a more individualized dosing regi- men for each eye of each treated patient. The foundation of this approach is the consistent use of an anatomic classification of neovascular lesion type first suggested by Grossniklaus and Gass 7 that we have expanded to incorporate the findings of both angiography and OCT in determining the location of the neovascular tissue with respect to the retinal layers.
8 Type 1 lesions are located below the retinal pigment epithelium (RPE), whereas type 2 lesions occur in the subretinal space. Type 3 lesions, often referred to as retinal angiomatous proliferation, or RAP, are predominantly intraretinal but often connect to deeper type 1 neovascularization as they mature. We consider polypoidal choroidal vasculopathy a form of type 1 neovascularization because the polyps arise from a type 1 neovascular complex that typically represents a larger proportion of the entire lesion than the polyps themselves.
In our experience, eyes with type 1 lesions show considerable variability in their sensitivity to anti-VEGF therapy. Some of these eyes will harbor large mature neovessels. OCT angiography is a new imaging tool (not currently FDA-approved) that helps to clearly identify these larger vessels (Figure 1 ). 
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These mature vessels may produce recalcitrant exudation manifested as persistent subretinal fluid, often despite monthly treatment. Interestingly, these eyes often maintain excellent vision despite the discouraging presence of persistent fluid, but the large vessels within the lesion pose a risk for large hemorrhages, particularly when polypoidal choroidal vasculopathy is present. Despite the refractory nature of type 1 lesions, our long-term data show that eyes with type 1 lesions maintain good vision longer than eyes with any of the other lesion subtypes and are by far the least susceptible to longterm GA (Figures 2A-D) . 9 We typically use a maintenance treat-and-extend regimen in eyes with type 1 lesions, because we are less concerned about GA than the potential for catastrophic macular hemorrhage. We will often tolerate small amounts of subretinal fluid, even when it is subfoveal in location. Pure type 2 lesions are rather uncommon in typical neovascular AMD, occurring in only 9% (24 of 266) of newly diagnosed eyes in our recently reported series. 9 Early in their course, these lesions are very sensitive to anti-VEGF therapy, but as the lesions evolve into more mature fibrous tissue, resistance to treatment and early recurrences are more common. The location of the neovascular tissue directly beneath the photoreceptors, manifested as subretinal hyperreflective material on OCT, makes these lesions particularly prone to producing irreversible retinal damage. When OCT shows disruptions in the outer retinal anatomy overlying type 2 lesions, refractory intraretinal fluid is often seen. We believe that in many cases, this fluid represents the manifestation of outer retinal damage causing poor vision but is not its underlying cause. We often avoid aggressive treatment of this finding, because it is unlikely to benefit eyes in which irreversible photoreceptor damage has already occurred. The decision to continue a treat-and-extend regimen or switch to an as-needed regimen will depend on many factors including visual potential in both the treated and fellow eye, prior history of recurrent exudation with interval extensions, size and proximity of the lesion to the fovea, and whether the patient is undergoing anticoagulation therapy.
When evaluated by experienced graders, type 3 lesions are far more common than previously recognized, occurring in 34.2% of (91 of 266) newly diagnosed neovascular AMD cases in our recent series. 10 OCT can be very helpful in the detection of these lesions, as can OCT angiography, when put to clinical use. Early type 3 lesions can be exquisitely sensitive to anti-VEGF therapy showing complete regression, while more mature type 3 lesions presenting with serous pigment epithelial detachments indicative of anastomoses to type 1 neovascular tissue will typically show early recurrence of fluid following extensions of the dosing interval. When type 3 lesions recur, there is typically minimal or no hemorrhage, so the risk of irreversible vision loss is minimal. Also, because eyes with type 3 lesions appear to be at high risk for the development of GA (Figures 2E-H) , we believe that attempting an as-needed dosing regimen in these eyes is appropriate. This particular susceptibility is likely related to the occurrence of type 3 lesions in eyes with risk factors for GA including thin choroids and reticular pseudodrusen.
11 If exudation recurs frequently in eyes with type 3 lesions, we will typically revert back to a treat-and-extend regimen with the longest interval that still maintains minimal fluid.
In most patients treated according to a treat-andextend regimen, we do not extend the treatment interval beyond 10 to 12 weeks due to our concern for sight-threatening submacular hemorrhages. When using an as-needed approach, we typically monitor patients monthly for at least 6 to 12 months before extending the interval between examinations. Deciding when it is safe to extend the monitoring interval remains one of the greatest challenges in the long-term management of these patients. While intuitively it might seem that the long periods of disease quiescence would be predictive of a reduced risk for recurrent exudation in the future, unfortunately we have found that this is often not the case.
In summary, the long-term management of neovascular AMD with intravitreal anti-VEGF therapy presents retinal specialists with numerous challenges. As described above, we have found the use of an anatomic classification of baseline lesions based on multimodal imaging helps us to individualize dosing regimens for each patient. We believe that this personalized strategy leads to better visual outcomes by achieving a better balance of risk and benefits compared to a "one size fits all" approach to this complicated disease.
